An effective analytical method for pesticides multiresidue determination in grape samples was developed and validated. A modified quick, easy, cheap, effective, robust and safe (QuEChERS) method was used to extract the target compounds. Several sorbent materials were tested for the clean-up step using dispersive solid phase extraction (d-SPE) and Florisil ® was selected. Samples extracts were evaporated before injection in the gas chromatography with mass spectrometry (GC-MS) system in order to improve detectability. Recoveries from blank samples spiked at 0.04, 0.3 and 1.0 mg kg −1 ranged from 95 to 102% with relative standard deviation (RSD) from 1.3 to 19.7%. Method limits of detection (LODm) and quantification (LOQm) ranged from 0.006 to 0.012 and 0.02 to 0.04 mg kg −1 , respectively. The positive matrix effect caused an increase in the peak areas of all compounds and matrix matched calibration curve linearity (coefficient of determination, r 2 ) was higher than 0.98 for all target analytes. The validated method was successfully applied for the determination of 19 pesticides in grape samples.
Introduction
Agricultural products such as fruits, vegetables and cereals are the most analyzed matrices in routine laboratories, often presenting pesticide residues of different classes. 1 Grape is widely cultivated and consumed worldwide, as well as its derivate products. Besides the pesticides use by grape growers, contamination may occur from indirect sources, such as other agricultural crops cultivated near to the vineyards. 2 Thus, pesticide residues monitoring becomes essential to ensure food safety for consumers, especially in a situation where regulations are becoming increasingly restrictive in most countries. 3 Because of the pesticide concentration are generally low and the analytes show different chemical properties, its determination requires a preliminary stage of sample preparation. Quick, easy, cheap, effective, robust and safe (QuEChERS) method was initially developed for fruits and vegetables by Anastassiades et al. 4 and it is based on an extraction step with acetonitrile followed by a partition step with salts and dispersive solid phase extraction (d-SPE) clean-up using small quantities of sorbents. Some modifications were proposed to the QuEChERS method, e.g., buffering, 5, 6 use of others extraction solvents, 7 different sorbents as graphitized carbon black (GCB), 8 octadecyl (C18), Florisil ® (magnesium silicate) and alumina, 9 and the use of low temperature precipitation for fatty matrices. 10 These modifications allowed the extraction of a large number of pesticides from different classes and matrices. Most part of the modifications was focused in the clean-up step and different sorbents have been used besides primary and secondary amine (PSA) and C18. 11 Alumina or aluminum oxide (Al 2 O 3 ), commonly applied in chromatographic separation of lipophilic compounds, has been used as d-SPE sorbent for pesticides determination.
in sample preparation by QuEChERS and matrix solid phase dispersion (MSPD). 14, 15 Several publications have reported the determination of pesticides in grapes, using different extractions methods combined with liquid 16, 17 or gas chromatography. [18] [19] [20] [21] [22] [23] Melo et al. 16 use aminopropyl (NH 2 ) and C18 d-SPE sorbents combined with single wavelength high-performance liquid chromatography (HPLC) for multiclass determination of fungicides and herbicides in grapes. Limits of quantification (LOQ) values ranged from 43 to 86 µg kg −1 using a pre concentration factor of 2.5. Banerjee et al. 20 optimized for multiresidue method with ethyl acetate extraction and d-SPE clean up using PSA. Gas chromatography with mass spectrometry (GC-MS) using single quadrupole were used for determination, achieving desired sensitivity and selectivity to 47 analytes in compliance with the maximum residue level (MRL) established by the European Commission (EU). 24 The most common GC-MS techniques for the analysis of pesticides involves single quadrupole instrumentation with electron impact (EI) ionization. Ion trap detectors (ITD) are also used, presenting the advantage of higher sensitivity using the full-scan mode, when compared to single quadrupole. Savant et al. 18 and González-Rodríguez et al. 19 successfully reported the use of GC-ITD for the determination of pesticides in grapes. GC-MS (single quadrupole or ITD) offers certain special benefits in terms of significantly less expensive instrumentation, low maintenance cost and easy operation. 20, 25 A table grape cultivar known in Brazil as Isabel represents 50% of Brazilian grape production, being the basic raw material for the elaboration of table wine, grape juice and others derivatives. 26, 27 Results of the Brazilian pesticides monitoring programs from 2010 to 2012 for several crops showed that grape is one of the cultures with most irregularities regarding to non-authorized pesticides. 28 Brazilian legislation establishes MRL for 49 pesticides in grape, ranging from 0.005 to 15 mg kg −1 . 28 Bearing in mind these results, grow the concern over pesticides use and the need of methods able to achieve desirable limits for pesticides determination.
Due to the existence of few methods for the determination of pesticide residues in grapes and the occurrence of these compounds, this paper describes the optimization and validation of a modified QuEChERS method for determination of 19 pesticides in grape samples by GC-MS.
Experimental
Chemicals, reagents and samples Toluene HPLC grade was acquired from Mallinckrodt Pharmaceuticals (Dublin, Ireland); acetonitrile HPLC grade and anhydrous magnesium sulfate (MgSO 4 ) from J. T. Baker (Tokyo, Japan). Acetic acid, sodium chloride and anhydrous sodium acetate were purchased from Vetec (Rio de Janeiro, Brazil). Florisil ® was acquired from Anidrol (Diadema, Brazil); alumina and graphitized carbon black from Sigma-Aldrich (St. Louis, USA); Bondesil ® PSA and Bondesil ® C18 were purchased from Agilent (Santa Clara, USA).
Blank grape samples from cultivar Isabel were obtained from organic controlled production (Frederico Westphalen, Brazil) and were processed and stored at −18 ºC until analysis.
Pesticide analytical standards with purity between 94.0 and 99.5% were acquired from Dr. Ehrenstorfer GmbH (Augsburg, Germany). Quintozene 29 and caffeine (both 99%) were employed as surrogate standard (SS) and internal standard (IS), respectively. Standards were prepared in toluene in a concentration of 1000 mg L −1 and stored at −18 °C. From the individual stock solutions, a standard mixture containing 5 mg L −1 of each analyte was prepared in toluene and stored at −18 °C.
Instrumentation
The GC-MS system was a gas chromatograph 3900 GC coupled to an ion trap mass spectrometer detector Saturn 2100T and a CP 8400 autosampler; data was acquired using MS Workstation 6.9.2 software (Varian, Palo Alto, USA). Analytical balance AY220 from Shimadzu (Tokyo, Japan), sample concentrator Tecvap TE-0195 from Tecnal (Piracicaba, Brazil), centrifuges 206 BL from Fanem (Guarulhos, Brazil) and NT 810 from Nova Técnica (Piracicaba, Brazil) were used.
GC-MS conditions of analysis
Chromatographic separation was achieved on a Varian VF-5ms (Palo Alto, USA; 5% fenil-95% polydimethylsiloxane), capillary column (30 m × 0.25 mm i.d., 0.25 µm of film thickness). Helium with a purity of 99.999% (Linde, Munich, Germany) was used as the carrier gas. Aliquots of 2 µL were injected in splitless mode with the injector temperature set at 300 ºC. The column oven temperature program was initially 80 °C increasing to 200 °C at 25 °C min −1 . Then, increasing to 230 °C at 3 °C min −1 and to 260 °C at 15 °C min −1 . Finally, temperature was raised to 280 °C at 30 °C min −1 remaining for 6.5 min. Total run time was 25 min. The MS instrument was operated in the full-scan mode in a range between 50 and 500 m/z. At least three significant ions from each analyte were chosen for quantification and confirmation. Table 1 shows the selected compounds and their respective molecular formula, action Vol. 27, No. 9, 2016 mode, MRLs, retention time, and GC-MS quantification and confirmation ions. The manifold, trap and transfer line temperatures were set at 80, 240 and 290 °C, respectively. The emission current of the ionization filament was set at 40 µÅ and the amplitude voltage was 200 V.
Evaluation of sample preparation procedure
The extraction process was evaluated to find the best method to extract the selected pesticides from grape samples. Thus, two versions of the QuEChERS method were evaluated: (i) QuEChERS original and (ii) QuEChERS acetate. 4, 5 The conditions used are described below.
QuEChERS original extraction 4
Ten grams of homogenized grapes were transferred into a polypropylene (PP) centrifuge tube (50 mL); 20 µL of surrogate standard (100 mg L −1 ) and 10 mL of acetonitrile were added. The tube was shaken vigorously in vortex (1 min) and after this 4 g MgSO 4 and 1 g sodium chloride were added. The mixture was immediately hand shaken for 1 min and then was centrifuged at 2,420 × g for 20 min. To the fortification assays a mix containing all the target analytes at a concentration of 0.5 mg kg −1 was added to the blank grape samples and let in contact with the sample for 1 h before extraction.
QuEChERS acetate extraction 5
The same procedure as the QuEChERS original was performed changing only two conditions: use of acetonitrile with 1% (v/v) acetic acid and sodium acetate instead of acetonitrile and sodium chloride, respectively.
Clean-up options evaluated
For the clean-up step, seven approaches of d-SPE cleanup were evaluated. For this purpose, 2 mL of extract was transferred to a PP centrifuge tube (15 mL) containing 300 mg of MgSO 4 and the sorbents according to Table 2 . In all cases, tubes were hand shaken (1 min), centrifuged at 2,420 × g for 8 min and 1 mL of the supernatant after filtration in nylon filter (0.2 µm) was evaporated under 
Optimized method based on QuEChERS procedure
Ten grams of homogenized grape sample were weighed in a 50 mL PP centrifuge tube and 100 µL of the surrogate standard (10 mg L −1 ) were added in order to minimize the source of errors during samples preparation. Then, 10 mL of acetonitrile with 1% (v/v) acetic acid was added and the tubes were shaken in vortex for 1 min. Further, 4 g MgSO 4 and 1 g sodium acetate were added and the tubes were shaken immediately (1 min) in vortex. After, the tubes were centrifuged at 2,420 × g for 20 min. Then, 2 mL of the supernatant were transferred to a 15 mL PP centrifuge tube containing 300 mg of MgSO 4 and 400 mg of Florisil ® . The mixture was hand shaken for 1 min and centrifuged at 2,420 × g for 20 min. The concentration step was conducted using 1 mL of the filtered supernatant (0.2 µm) evaporating until 200 µL. After, 10 µL of internal standard solution (caffeine, 10 mg L −1 ) were added before analysis by GC-MS.
Method validation
The proposed method was validated based on the parameters linearity, matrix effect, method limit of detection (LODm) and quantification (LOQm), and instrumental limit of detection (LODi) and quantification (LODi), accuracy (in terms of recovery) and precision (in terms of repeatability and intermediate precision, in accordance with the international regulation SANCO for pesticide residue analysis by chromatographic analysis). 30 The linearity was evaluated through the coefficient of determination (r 2 ) of the analytical curve in the range of 0.02 to 1.0 mg kg −1 . Matrix effect was calculated comparing the slope of curves prepared in acetonitrile and in the matrix blank extract. 31 Accuracy was evaluated through recovery assays at three different concentration levels (0.04, 0.30 and 1.0 mg kg −1 ). Precision was evaluated regarding repeatability and intermediate precision by the relative standard deviation (RSD) of the recovery results. Three replicates of each concentration level were extracted and injected once in the GC-MS system. Instrumental LOD and LOQ were estimated using the signal-to-noise (S/N) ratio and the LOD was defined as the lowest concentration at which the analytical signal presented a S/N ratio of 3:1. The method LOQ was established as the lowest spiked level concentration, which produced a S/N ratio ≥ 10:1 with acceptable recovery (70-120%) and precision (RSD ≤ 20%) according to SANCO.
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Results and Discussion
Chromatography determination
The GC oven temperature program was optimized to separate all of the tested compounds with good peak shape, minimum matrix interferences, and increased sensitivity (S/N). For the optimization of the MS conditions, pesticide standards solutions at a concentration of 1000 µg L −1 were injected individually and mass spectra were acquired in the range between 100 and 500 m/z. This evaluation aimed to identify the retention time and fragmentation of each analyte. Based on the acquired information, a mixture solution at 500 µg L −1 containing all the compounds was analyzed by GC-MS in the selected ion monitoring (SIM) mode. In this study, m/z values greater than 100 were chosen to avoid low molecular weight interferences from the matrix, except for procymidone that the most intense ion was 96 m/z (Table 1) . Figure 1 presents the total ion chromatogram obtained by GC-MS (SIM) for the selected compounds. Separation of the compounds myclobutanil and buprofezin (peaks 7 and 8, respectively) was not achieved but the compounds were still quantified separately due to the ability of mass spectrometer in recognize different m/z fragments.
Extraction and clean-up optimization
Sample preparation is a critical part of multiresidue methods due to the widely different physicochemical properties, such as polarity, water solubility and volatility of pesticides. 32 Grapes contain significant amounts of naturally matrix components, 33 which are also co-extracted with the target pesticides. 21 In this work, two sample preparation strategies based on original and acetate QuEChERS methods with seven different clean-up approaches were evaluated based on recoveries of the compounds. These procedures were selected considering that they were previously used for the extraction of a wide range of pesticides from fruits and vegetables. [34] [35] [36] Figure 2 shows that the QuEChERS procedure using the acetate buffered version at pH 4.8 presented higher and more consistent recoveries for most compounds, including the pH dependent pesticides cyprodinil, myclobutanil and tebuconazol. 5 Natural pigments does not interfere directly in the chromatographic analysis of pesticides, but can remained in the injector liner and the chromatographic column, shortening the useful life of this devices. 37 In the clean-up step, it was found that GCB provided an adequate clean-up, resulting in almost colorless extracts. In contrast to GCB, C18 and alumina provided the most colorful extracts, as can be seen in Figure 3 .
However, besides the GCB efficiency in color removal, this sorbent caused poor recoveries with both, original and acetate, extractions. This is justified by the fact that GCB has a tendency to adsorb organic compounds including pesticides, especially those with planar structure, such as chlorothalonil and cyprodinil. 38 When PSA or C18 were used alone, color removal was not as efficient as using GCB. However, the number of compounds with adequate recovery was higher, especially when QuEChERS acetate method was applied (Figure 4) . Using a mixture of PSA and C18, the number of analytes with recovery between 70 
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J. Braz. Chem. Soc. 1538 and 120% was lower than using only PSA, but higher than using only C18. In this case, it is possible to conclude that C18 is retaining some of the compounds, like buprofezin, endosulfan alpha, endosulfan beta, tebuconazol and trifloxystrobin, resulting in low recoveries. Miao et al. 15 used only Florisil ® (200 mg) as clean-up sorbent applying d-SPE in lotus seed QuEChERS extract. In the present work, a good color removal, similar to PSA, was obtained using 400 mg of Florisil ® and more compounds presented adequate recovery (Figure 4) . Based on these results and on the fact that Florisil ® is an inexpensive sorbent, Florisil ® was selected and the amount of sorbent was optimized. For this purpose, 200, 300 and 400 mg of Florisil ® were tested. As expected, 400 mg presented a less color extract and the number of compounds with adequate recovery did not decrease (19 compounds) . Therefore, 400 mg of Florisil ® was chosen for method validation.
Method validation
Validation parameters were evaluated and the selectivity was confirmed since no interferences were observed in the blank extract compared with a spiked grape sample. Analytical curves presented good linearity with r 2 > 0.99 for all the studied compounds, except for myclobutanil and tebuconazol that presented r 2 ≥ 0.98. Results for method LOD and LOQ, linear range, linearity (r 2 ), matrix effect, accuracy, evaluated through recovery tests and precision in terms of repeatability and intermediate precision, are shown in Table 3 . Recovery values for spiked levels ranged between 70.1 and 120.0%, except for epoxiconazol (108-121%) and trifloxystrobin (119-125%). Good precision was observed for all the substances with RSD in terms of repeatability between 3.9 and 19.7%. Intermediate precision was also evaluated and the recovery values ranged from 71 to 123% with RSD between 0.4 and 19.1%. Method LOQs values ranged between 0.02 and 0.04 mg kg −1 that are below to the MRL established by Brazilian legislation. 28 Matrix effect was also evaluated and an increase in the chromatographic signal and sensitivity for all analytes was observed (Table 3) . These results confirm the need of perform quantifications using a matrix matched calibration curve. Cunha et al. 39 evaluated the matrix effect for different pesticides in grapes, wine and must, observing that the chromatographic signal obtained by GC-MS increase for most studied pesticides when in presence of matrix. Grapes have a high sugar content 27 besides others co-extractives that may remain solubilized in the organic extracts being responsible for increase gas chromatographic signal and sensitivity. 40 The validation parameters achieved with the proposed method are comparable with those already published. Limits of detection and quantification (0.006-0.02 mg kg −1 ) shown to be lower than those found by Alves et al. 21 (3.75-9.47 mg kg −1 ) and You et al. 17 (0.5-5.0 mg kg −1 ), even using a concentration technique as solid phase extraction (SPE) and ultrasound-assisted dispersive liquid-liquid microextraction based on solidification of floating organic droplet (UA-DLLME-SFO), respectively. Banerjee et al. 20 used ethyl acetate extraction followed by d-SEP clean-up with PSA and reported LOQ values from 0.01 to 0.02 mg kg −1 , being very similar to those reported in this work, which proves that Florisil ® can be used as an alternative sorbent to PSA.
Application to real samples
The validated method was applied for the analysis of 10 real samples collected from a local market in Frederico Westphalen, RS, Brazil. Residues of cyprodinil were found in two samples at 0.021 and 0.030 mg kg −1 . This compound is non-authorized for grape culture according to Brazilian legislations. 28 However, the positive results for this compound in grape samples are in accordance with a report published by Brazilian Health Surveillance Agency (ANVISA), were this fungicide was also found in grapes from a Brazilian monitoring program. 41 Besides, Cesnik et al. 42 also found cyprodinil residues between 
Conclusions
The buffered QuEChERS extraction method using acetonitrile with acetic acid and sodium acetate proved to be effective for the extraction of pesticide residues from different chemical groups in grape samples. The conditions of clean-up were optimized, which revealed that the use of Florisil ® was adequate to obtain extracts in conditions to perform the analysis by GC-MS. The sample preparation procedure established in this work has the advantage of being simple and easy to perform, minimizing errors. In addition, it is cheap and environmentally friend due to the use of few organic solvents. Florisil ® is an inexpensive sorbent when compared to the frequently used sorbents.
The combination of the sample preparation step with GC-MS provided a sensitive and selective method for the simultaneous determination of 19 pesticides in grape samples and can be applied in routine analysis. Good recovery and precision as well as low method LOQ were reached, indicating the reliability of the data obtained with the proposed method. The results obtained with the method application indicate a potential risk to the consumer, since cyprodinil is non-authorized for use in grapes. 
